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   BIOLOGICAL TREATMENT OF WHEY IN 
AN UASFF BIOREACTOR FOLLOWING 
A THREE-STAGE RBC 
Biological treatment of a high strength chesses whey wastewater was inves-
tigated in a series of aerobic-anaerobic experiments. The aerobic treatment of 
the wastewater was conducted in a three-stage rotating biological contactor 
(NRBC), while the anaerobic process was performed in an up-flow anaerobic 
sludge fixed film (UASFF) bioreactor. Various concentrations of wastewater 
with influent COD of 40 to 70 g/L were introduced into the NRBC system. 
Treatability of the samples at various HRTs of 8, 12 and 16 h was evaluated in 
the NRBC reactor. The effluent streams of the NRBC system were introduced 
into a UASFF bioreactor. The anaerobic treatment of pretreated samples was 
investigated in the UASFF at the same HRTs of 8, 12 and 16 h. The obtained 
results revealed that more than 53, 69 and 78% of the influent COD (50 g/L) 
were removed in the NRBC reactor at HRTs of 8, 12 and 16 h, respectively. 
Maximum COD removal efficiencies of 96, 96.8, 97.4 and 96.4% were 
achieved in the combined systems at total HRT of 32 h for the influent COD of 
40, 50, 60 and 70 g/L, respectively. 
Key words: cheese whey; chemical oxygen demand; hydraulic retention 
time; three-stage rotating biological contactor; up-flow anaerobic sludge 
fixed film. 
 
 
Dairy industries dominate in the north of Iran. 
Discharge of inappropriately treated effluents from 
dairy plants may seriously cause environmental pollu-
tion and oxygen depletion for the aquatic organisms. 
Generally, there are two distinct trends in the 
treatment processes of dairy waste streams. In the 
first trend, which is based on the recovery of valuable 
compounds, proteins and lactose are recovered in the 
form of the whey powder. The dried and powdered 
whey is used as an additive to animal food or in agro-
food and pharmaceutical industries [1,2]. In the se-
cond trend, which is based on the degradation of un-
treated whey as pollutants, more attention is paid to 
the waste treatment processes. Discharge of highly 
polluted waste streams of dairy industries without fur-
ther treatments, may seriously cause the environmen-
tal pollution and negatively alter the quality of water 
resources [3,4]. Whey wastewater production is esti-
mated to 145×10
6 t/year and approximately half of 
that is disposed into the surface water [5]. A disposal 
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of the high COD content of the whey wastewater may 
lead to the reduction of the dissolved oxygen (DO) 
level and consequently threaten the aquatic life. There-
fore, a whey treatment is very significant from envi-
ronmental points of view. 
Among various wastewater treatment technolo-
gies, a biological treatment appears to be most pro-
mising. It has been stated that wastewaters with 
BOD/COD ratios of 0.5 or greater are easily treated 
by biological treatment processes [6]. A high level of 
organic matter in whey wastewater may pose a se-
rious problem for conventional wastewater treatment 
plants. Commonly, a combination of aerobic and an-
aerobic treatment process is implemented for a dairy 
wastewater treatment [7].  Among various biological 
treatment processes, a rotating biological contactor 
(RBC) is a system that benefits the advantages of 
both suspended growth and fixed-biofilm. It acts as an 
alternative bioreactor to treat high strength waste-
waters [8,9]. High aeration and oxidation capacity im-
proves the removal process in RBC system [10]. Suc-
cessive applications of RBC reactor have been found 
in aerobic treatment processes such as biodegrada-
tion of phenol compounds [11,12], a removal of hyd-
rocarbons [13–15], biological decolorization [16–18], 
bioremediation of heavy metals [19], a treatment of sa-A. EBRAHIMI et al.: BIOLOGICAL TREATMENT OF WHEY…  CI&CEQ 16 (2) 175−182 (2010) 
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line wastewater [20–23], a removal of nitrogen [22,24] 
and a citric acid production [25]. 
In order to meet the environmental regulations 
and standards for the discharge quality, highly pol-
luting waste streams should be treated before dis-
charging to the surface water. A post aerated system 
has to be implemented by a suitable treatment pro-
cess. Anaerobic digestion has the ability to convert 
most of the remaining organic matters in the aerobic 
process to biogases such as CH4 and CO2 [26]. Most 
of researches conducted in the wastewater treatment 
have implemented an anaerobic process followed by 
and aerobic treatment to reduce the organic load of 
highly polluted waste streams. In the current experi-
ment, a very high strength wastewater (COD concen-
tration higher than 40 g/L) was planned to be treated. 
Such a high influent COD is considered as an organic 
shock for the anaerobic system. In such a high or-
ganic load in the anaerobic treatment, very long HRT 
is required to reduce the COD concentration. Thus, 
RBC was planned to be used as a primary treatment 
process in order to reduce the organic load of the 
wastewater for the subsequent use in an anaerobic 
system. A similar case, the application of aerobic prior 
to anaerobic systems used, is reported in the litera-
ture [27]. An up-flow anaerobic sludge fixed film 
(UASFF) bioreactor which is a combination of an up- 
-flow anaerobic sludge blanket (UASB) bioreactor at 
lower part and an immobilized cell fixed-film (FF) re-
actor at upper part was used as a suitable choice for 
post-treatment process [28]. It has been used for the 
treatment of an industrial wastewater such as dairy 
and brewery wastewaters and also often used to treat 
palm oil mill effluents [26,29]. A literature survey show-
ed that overloading of suspended solid at short HRT 
may create a situation which destabilizes the perfor-
mance of the UASFF bioreactor [29]. Therefore, a com-
plete digestion of highly polluted waste streams in 
UASFF requires a pre-treatment process to shorten 
the HRT. 
In the present study, the treatability of cheese 
whey as a high strength wastewater was initially con-
ducted in a three-stage RBC system and then the ef-
fluent was fed to an UASFF bioreactor for further 
treatment. The performance of the systems at various 
HRTs and influent COD concentrations was investi-
gated. 
MATERIALS AND METHODS 
Wastewater preparation 
Whey is an important by-product of dairy indus-
tries which is generated after separation of fats and 
casein from the milk. It contains a high level of car-
bohydrates in the form of lactose (4.5-5% w/v), so-
luble proteins, mainly casein (0.6-0.8% w/v), fats (0.4- 
-0.5% w/v) and mineral salts (0.5-0.7% w/v) [2]. There-
fore, whey is characterized as a stream with a high or-
ganic content and a chemical oxygen demand (COD) 
of 50-70 g/L [1].  
The cheese whey used in the experiments as a 
source of a high strength wastewater was obtained 
from Gela Factory, Amol, Iran. The whey samples 
were stored at 4 °C to avoid any changes in a che-
mical composition or acidification caused by the con-
version of lactose to lactic acid. Based on the neces-
sity of the experiments, various dilutions of waste-
water were prepared using distilled water. During the 
adaptation phase, pH of the wastewater was main-
tained at 6.5, nearly neutral condition, by addition of 1 
M sodium hydroxide solution. The characteristics of 
the whey wastewater are presented in Table 1. 
Table 1. Characterization of the waste stream 
Parameter  Concentration, mg/L  Mean value, mg/L 
COD 50000-70000  60000 
BOD 27000-36000 31500 
TS 55000-65000  60000 
TSS 10000-15000  12500 
TKN 20-10  15 
Lactose 50000-60000  57500 
pH 6.0-6.5  6.25 
Alkalinity 200-400  300 
Experimental set-up 
A lab-scale three-stage RBC with dimensions of 
75 cm length, 35 cm width and 30 cm depth was fab-
ricated. The use of three compartments in designing 
RBC helps the system to behave as a plug flow bio-
reactor which has reasonably better performance and 
conversion comparing to a single CSTR bioreactor. 
The NRBC consisted of acrylic plastic discs which 
were mounted on a stainless steel shaft. The discs 
were geared with an electronic motor fixed rotational 
speed of 4 rpm at a fixed power input (NDRD motor, 
model SK 63/4, Germany). Generally, the rotational 
speed of RBC recommended in the literature is 1-1.6 
rpm [30]. Kubsad and his co-workers [31] have found 
a model for the oxygen transfer in a rotating biological 
contactor, the optimum rotational speed of RBC was 
defined at 5.3 rpm [31]. The RBC’s rotational speed of 
4 rpm was in the mid-range recommended in the 
literature [30,31]. The shaft was passed through the 
center of the discs and mounted on the bearing 
attached to the ends of the wastewater container. The A. EBRAHIMI et al.: BIOLOGICAL TREATMENT OF WHEY…  CI&CEQ 16 (2) 175−182 (2010) 
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substrate feed rate was controlled using a variable 
speed peristaltic pump (Etatron D.S., model PDP-B-
V, Italy). A schematic representation of the NRBC 
system is shown in Fig. 1. The reactor design and 
operation parameters are also summarized in Table 
2. 
 
Figure 1. Schematic representation of the UASFF bioreactor fed with effluent of the NRBC system. 
Table 2. Design specifications of the fabricated NRBC 
Specification  Description 
Support medium  Acrylic plastic disc 
Disc diameter, m  0.32 
Disc area, m
2  7.93 
Percent of immersion  40 
Number of stages  3 
Disc number per stage  16 
Distance among discs, mm  8 
Reactor volume, L  65.6 
Influent concentration, g COD/L  40-70 
Rotational speed, rpm  4 
Hydraulic retention time, h  8, 12 and 16 A. EBRAHIMI et al.: BIOLOGICAL TREATMENT OF WHEY…  CI&CEQ 16 (2) 175−182 (2010) 
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The UASFF bioreactor was followed by NRBC 
system. The effluent stream of the NRBC was intro-
duced into the UASFF for further treatment. The pilot 
scale of the UASFF bioreactor was fabricated with 
total volume of 960 ml, the internal diameter of 2.76 
cm and the height of 160 cm. The top part of a glass 
column was randomly packed with seashells so that 
the voidage was 85%. At first, both bioreactors (RBC 
and UASFF) were operated at room temperature (22 
°C). Although the RBC system showed a very good 
performance at this temperature, the UASFF bioreac-
tor did not suitably perform in terms of a biogas pro-
duction at 22 °C. Thus, an external circulation of the 
warm water bath was applied to control the UASFF’s 
temperature at 36 °C. Such a temperature depen-
dence of the two bioreactors may refer to the growth 
and activity of various aerobic and anaerobic orga-
nisms at different operational conditions. 
The pretreated wastewater was continuously fed 
into the reactor using a peristaltic pump (Thomas, mo-
del SR25, Germany). The feed was introduced from 
the bottom of the column reactor and distributed through 
the column using a perforated plate. The schematic 
diagram of the UASFF bioreactor is also shown in 
Fig. 1. 
Bioreactor operation 
A sample of whey wastewater was used to cul-
ture a suitable biomass for the process start-up. The 
wastewater which was supplied from the ultrafiltration 
unit of the cheese production plant was enriched in 
COD and lactose. Initially, a diluted wastewater with 
the concentration of 4000 mg COD/L was continu-
ously fed into the NRBC system. The system was 
operated at HRT of 24 h and the disc rotational speed 
was set at 4 rpm. A permanent film of the biomass 
was gradually established on both sides of the discs 
after 5-7 days (Fig. 2). Then, the process was ope-
rated at various HRTs of 8, 12 and 16 h. The effect of 
various influent COD and HRT on the performance of 
NRBC reactor and COD removal efficiency was in-
vestigated. The samples were taken from each stage 
of the RBC system. The collected samples were ana-
lyzed for the COD concentration using a standard me-
thod [30]. A spectrophotometer (Unico, model 2100, 
USA) at the wavelength of 600 nm was used to mea-
sure the absorbance of the samples. The effluent 
samples were collected in a settling basin and the 
clear effluent was further treated in a lab-scale UASFF 
bioreactor. 
The UASFF bioreactor was inoculated with 500 
ml of a seed culture which was originated from an 
anaerobic sludge sample of the cheese wastewater 
treatment plant. For the acclimation of microbial con-
sortium, the bioreactor was batch-wise fed with dilu-
ted cheese whey (7000-20000 mg COD/L). For the 
first eight days of a start-up operation, the bioreactor 
was continuously fed in a full recycle mode. Then the 
feed tank was gradually loaded with the pretreated 
wastewater obtained from the NRBC system. Similar 
experiments were conducted at the selected HRTs of 
8, 12 and 16 h and then COD removal efficiencies 
were calculated. 
 
Figure 2. Biofilm developed on rotating discs 
of the NRBC system. 
RESULTS AND DISCUSSIONS 
An aerobic treatment of cheese whey as a high-
ly polluted wastewater was investigated in a three- 
-stage RBC system. According to the high strength 
wastewater, RBC was selected to conduct the con-
tinuous treatment process. The attached growth mic-
robial film on the biological contactors enables the 
RBC to retain high concentrations of the biomass. 
Therefore, RBC has the ability to treat high strength 
influents and resists against high organic and hyd-
raulic shocks [9,28,32]. 
The fabricated NRBC system was initially ope-
rated with diluted cheese whey with the concentration 
of 4000 mg COD/L at the flow rate of 2.7 l/h, HRT of 
24 h and disc rotational speed of 4 rpm. The system 
was continuously operated until a permanent film of 
the biomass was gradually created on the discs. After 
10 days of the operation, the system became stable 
and was ready for full capacity exploitation. Table 3 A. EBRAHIMI et al.: BIOLOGICAL TREATMENT OF WHEY…  CI&CEQ 16 (2) 175−182 (2010) 
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summarizes the characteristics of the wastewater af-
ter the start-up period. 
It was observed that the DO level was reduced 
at the first stage of the NRBC system and then gra-
dually increased. This was due to the fact that micro-
organisms utilize the nutrients in the wastewater and 
grow rapidly to form a thick biomass which conse-
quently resulted in a reduction in a DO level of the 
wastewater. Since most of the nutrients had been 
consumed by microorganisms at the first stage, a bio-
mass formation was not so strong at the next steps. 
This may cause a reduction in the oxygen consump-
tion rate. Besides, the rotation of the discs was a sig-
nificant parameter to increase the DO content of the 
wastewater. 
After the development of a permanent and uni-
form biofilm on both sides of the discs, the system 
was operated in full capacity. In order to investigate 
the effects of influent COD and HRT on the COD re-
moval efficiency, various influent COD (40, 50, 60 and 
70 g/L) and HRT (8, 12 and 16 h) were selected. The 
system was operated in sufficient time at each selec-
ted HRT to establish the steady condition. The effect 
of HRT on the COD removal efficiency is described in 
Fig. 3. It was observed that for all influent COD con-
centrations, the COD removal efficiency increased as 
the HRT was gradually increased from 8 to 16 h. Ma-
ximum COD removal efficiency of 80% was obtained 
at HRT of 16 h and influent COD of 50 g/L. As the in-
fluent COD was increased to 60 and 70 g/L, the COD 
removal efficiency gradually decreased which was 
due to a high organic load and hydraulic shocks. The 
high organic load may have caused toxication of the 
biofilm which consequently resulted in depletion of the 
COD removal. 
The effluent stream of the NRBC was introduced 
into UASFF bioreactor to conduct further treatment 
processes. In order to evaluate the effect of HRT on 
the COD removal efficiency in the UASFF bioreactor, 
the same HRTs of 8, 12 and 16 h were examined. The 
effluent wastewater obtained from the RBC pretreat-
ment process was introduced into the UASFF biore-
actor. The effluent COD of the UASFF bioreactor at 
various HRTs of 8, 12 and 16 h are tabulated in Table 4. 
Figure 4 represents the effect of total HRT (NRBC 
and UASFF) on total COD removal efficiency. Figures 
5a, 5b and 5c refer to the wastewater samples which 
were pretreated at HRT of 8, 12 and 16 h in the NRBC 
system, respectively. The achieved data revealed that 
the COD removal efficiency increased as the HRT 
was gradually increased. Figure 5a shows that maxi-
mum total COD removal efficiencies of 95.7, 96.9, 
96.6 and 97.1% at total HRT of 24 h (8 h in NRBC 
and 16 h in UASFF) were obtained for influent COD of 
40, 50, 60and 70 g/L, respectively. As Figs. 5 b and 
5cdepict, similar trends were followed for the samples 
which were pretreated for 12 and 16 h in the NRBC 
reactor. 
Table 3. Characterization of the wastewater after 12 days of operation at COD = 4000 mg/L, HRT= 24 h and ω = 4 rpm 
Place Temperature,  °C  pH  DO, mg/L  COD, mg/L  COD removal, % 
Reservation tank  22  7.6  3.8  4000  - 
First stage  22  7.3  2.8  1340  67 
Second stage  22  7  4.5  1110  74 
Third stage  22  6.9  5.6  820  81 
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Table 4. Effluent COD of the UASFF bioreactor 
HRT in RBC, h 
CODout, RBC, CODin and UASFF 
mg/L 
CODout and UASFF, mg/L 
HRT, h 
8 12  16 
8 21600  13610  8990  1730 
24000 14400  9310  1540 
34200 22570  12410  2050 
42700 29040  14090  2010 
12 16520  9420  8590  2630 
15350 8140  7520  1950 
30120 16570  10600  2110 
38220 22170  11730  2290 
16 9280  5860  5380  1590 
10650 6600  5640  1600 
13680 8300  6020  1560 
31850 10510  8410  2550 
 
(a) 
 
(b) 
 
(c) 
Figure 4. COD removal efficiency with respect to HRT in the UASFF bioreactor; a) pretreated samples at HRT= 8 h, 
b) pretreated samples at HRT= 12 h and c) pretreated samples at HRT= 16 h. 
 A. EBRAHIMI et al.: BIOLOGICAL TREATMENT OF WHEY…  CI&CEQ 16 (2) 175−182 (2010) 
 
181 
Figure 5 represents the COD of the effluent 
samples with respect to total HRT. From the obtained 
results it is clear that the combined system (three- 
-stage RBC + UASFF) is quite effective in removing 
the COD because of the low concentration of COD 
(1.5-2.5 g/L) obtained at total HRT of 32 h. However, 
it should be mentioned that the wastewater treated in 
this way still does not meet a suitable limit for dis-
charge (COD < 100 mg/L) and further post treatment 
processes should be applied to reduce the COD con-
centration to the limit stated as a standard for safe 
discharge. 
CONCLUSION 
Aerobic-anaerobic treatment of cheese whey 
wastewater was conducted in a NRBC system and 
then the effluent fed to an UASFF bioreactor. Treata-
bility of the wastewater with respect to HRT and in-
fluent COD was investigated in both systems. It was 
observed that the NRBC reactor effectively removed 
more that 50% of the COD at HRT of 12 h. The ob-
tained results showed that the UASFF bioreactor was 
suitable for the post-treatment process and the 
achieved COD removal efficiencies were more than 
96% for all influent CODs at HRT of 32 h. 
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NAUČNI RAD 
   BIOLOŠKA OBRADA SURUTKE U POSTROJENJU 
SA TROSTEPENIM ROTIRAJUĆIM BIOLOŠKIM 
KONTAKTOROM I BIOREAKTOROM UASFF 
Biološka obrada otpadne vode sa surutkom iz proizvodnje jakih sireva je ispitivana u 
aerobno-anaerobnim eksperimentima. Aerobna obrada otpadne vode je sprovedena u 
trostepenom rotirajućem biološkom kontaktoru (NRBC), dok je anaerobni proces spro-
veden u bioreaktoru sa nepokretnim filmom anaerobnog mulja i proticanjem naviše 
(UASFF). U NRBC reaktor se uvođene otpadne vode sa različitim vrdnostima hemisjke 
potrošnje kiseonika (HPK) u opsegu od 40000 do 70000 mg/l. Uspešnost obrade uzo-
raka je ispitivana pri različitim vremenima zadržavanja (HRT) od 8, 12 i 16 h u NRBC re-
aktoru. Izlazni tok iz NRBC sistema je uvođen u UASFF bioreaktor. Anaerobna obrada 
prethodno obrađenih uzoraka je ispitivana u UASFF reaktoru za iste vrednosti HRT od 8, 
12 i 16 h. Dobijeni rezultati su pokazali da je 53, 69 i 78 % ulazne HPK (50 g/l) bilo uklo-
njeno u NRBC reaktoru pri vremenu zadržavanja od 8, 12 i 16 h, respektivno. Maksi-
malne efikasnosti uklanjanja HPK od 96,0, 96,8, 97,4 i 96,4% su postignute u kombino-
vanom sistemu sa ukupnim HRT 32 h za ulazne vrednosti HPK od 40, 50, 60 i 70 mg/L, 
respektivno. 
Ključne reči: surutka; hemijska pottrošnja kiseonika; vreme zadržavanja; rotira-
jući biološki kontaktor; bioreaktor sa nepokretnim filmom anaerobnog mulja. 
 
 